INTRODUCTION
============

Despite close association between disordered sleep and depressed mood^[@r1]^, the findings on seasonal variation in mood and well-being are reported rather frequently as compared to only few reports on seasonal variation in sleeping problems. Moreover, the studies of the effects of season on rate of sleeping problems are mostly limited to populations from Scandinavian countries. These effects were found to be significant in several Norwegian studies^[@r2]-[@r6]^, but the significance of these effects was not confirmed in one of the largest Norwegian studies^[@r7]^. In one more Norwegian study significant seasonality of sleeping problems was found only in a specific group of respondents experiencing seasonal variation in their well-being, energy, sleep length, socialization, body weight, etc.^[@r8]^. Besides, the significant effects of season on frequency of sleeping problems were also documented in astudy the neighboring Finland population^[@r9]^.

The present paper was mostly aimed on extending geography of studies of seasonal variation in sleeping problems. Compared to Norway and Finland, amplitude of the annual rhythm of air temperature is approximately the same or even higher in such regions as Alaska, Chukotka, North and South Yakutia, West Siberia, and Turkmenia. Therefore, the hypothesis was that, irrespective of degree of seasonal differences in daylength in these six regions, they are characterized by the patterns of month-to-month variation in sleeping problems with more prominent increase in frequency of either all or some of these problems in cold and hot months as compared to other months with more comfortable air temperatures (i.e., winter or summer vs. spring and fall).

A failure to recognize significance of seasonal variation in sleeping problems in a large population sample can be, at least partly, explained by individual variation in responses to questions about particular problems with sleep. Consequently, this paper additionally aimed on examination of possibility of modulation of month-to-month variation in sleeping problems by differences between individuals in sleep-wake behavioral traits, sleep duration, physical and mental health, age, gender, ethnicity, etc.

In sum, the following hypotheses were tested in the present analysis:

1.  sleeping problems demonstrate significant month-to-month variation with peaks in months with extremely cold or hot air temperatures and extremely short or long days;

2.  both pattern and level of seasonality of sleeping problems are modified by differences in several domains of individual variation including gender, age, ethnicity, physical and mental health, sleep quality, morning-evening preference and other traits or adaptive abilities of the sleep-wake cycle.

METHODS
=======

Participants
------------

Questionnaire data were obtained from 2398 residents of Turkmenia, West Siberia, South and North Yakutia, Chukotka, and Alaska. In each of these regions the questionnaire datasets were collected during, at least, two winter seasons. The respondents voluntarily agreed to participate in a questionnaire survey aimed on a search for health correlates of the daily sleep-wake cycle^[@r10]^. [Table 1](#t1){ref-type="table"} contains brief description of these regions, [Table 2](#t2){ref-type="table"} includes the list of 12 collected samples and [Tables A1](#t5){ref-type="table"} provides some details on studied populations.

###### 

Description of six regions.

  Region           Samples   Latitude, degree   Daylength, h:min   Temperature, Cº                   
  ---------------- --------- ------------------ ------------------ ----------------- ------- ------- ------
  Siberia, West    4         976                55                 7:10              17:23   -16.5   19.4
  Alaska           1         215                61                 5:27              19:22   -8.3    14.9
  Yakutia, South   2         511                60                 5:38              19:09   -31.8   16.9
  Yakutia, North   1         179                66                 2:22              24:00   -34.4   14.1
  Chukotka         2         404                64 or higher       3:57              21:23   -14.3   8.5
  Turkmenia        2         328                38                 9:31              14:48   3.5     31.3

Notes. N: Numbers of samples; Respondents: Numbers of respondents; 12/21 and 6/22: Dates of the shortest and longest days of the year; 1/15 and 7/15: Month-averaged air temperature for January and July. See also detail on 12 samples in [Table A1](#t5){ref-type="table"}.

###### 

Twelve one-way rANOVAs of 4-item sleep score.

  Population                   \% of             Intercept                  Month                      
  -------------- ------------- -------- -------- ----------- ------ ------- --------- --------- ------ ------
  West Siberia   Students      58.09    197.86   1/271       \~0    0.42    7.31      11/2981   \~0    0.03
  Survey         24.24         21.58    1/98     \~0         0.18   3.48    11/1078   0.011     0.03   
  Depressives    93.22         346.08   1/58     \~0         0.72   19.09   11/638    \~0       0.25   
  Inpatients     51.36         180.18   1/330    \~0         0.35   11.50   11/3630   \~0       0.03   
  Alaska         Students      60.93    142.02   1/214       \~0    0.40    6.67      11/2354   \~0    0.08
  Yakutia        Survey        42.64    87.35    1/198       \~0    0.31    13.85     11/2156   \~0    0.07
  South          Inpatients    44.59    142.29   1/313       \~0    0.32    7.16      11/3443   \~0    0.02
  North          Inpatients    47.49    69.63    1/178       \~0    0.28    8.50      11/1958   \~0    0.05
  Chu-kotka      Non-natives   58.42    145.39   1/201       \~0    0.42    11.34     11/2211   \~0    0.05
  Natives        54.46         171.10   1/201    \~0         0.34   9.40    11/2211   \~0       0.05   
  Turk-menia     Non-natives   60.00    141.30   1/174       \~0    0.45    46.58     11/1914   \~0    0.21
  Natives        53.59         92.46    1/152    \~0         0.38   22.62   11/1672   \~0       0.13   

Notes. % of score \>0: Percentage of respondents answered \"Yes\" to, at least, one of 4 questions; Month: Repeated measure in one-way rANOVA (12 months); F: F-ratio; Df: Degree of freedom (before correction); P: Level of significance (*p*\<0.001=\~0 are printed in bold, and the only *p*\>0.001 is printed in bold italic); η^2^~p~ : Partial eta-squared (a measure of effect size). See also month-to-month variation in this score in [Figure 2D](#f2){ref-type="fig"}-[2E](#f2){ref-type="fig"}.

###### 

Sizes of 12 samples, their demographic and health characteristics.

  Population                     Respondents   CES-D   SAS    SCL S   Health                                  
  ---------------- ------------- ------------- ------- ------ ------- -------- ------ ----- ----- ----- ----- -----
  Siberia, West    Students      272           133     272    14.1    7.5      12.8   6.4   3.9   3.9   3.6   0.6
  Survey           99            99            2       8.8    5.2     11.4     5.9    3.3   4.8   3.1   0.7   
  Depressives      59            0             33      22.5   9.5     18.0     8.6    7.9   5.9   2.9   0.7   
  Inpatients       331           101           107     16.3   8.9     17.0     7.9    7.2   6.0   2.9   0.8   
  Alaska           Students      215           70      181    16.1    6.2      13.2   4.2   3.1   2.9   4.2   0.6
  Yakutia, South   Survey        197           37      68     16.9    9.0      16.9   6.5   8.0   6.0   3.0   0.6
  Inpatients       314           177           57      14.3   8.0     15.9     7.4    6.5   6.5   2.7   0.6   
  North            Inpatients    179           104     37     14.5    8.4      16.0   7.6   6.4   6.2   2.7   0.6
  Chu-kotka        Non-natives   202           105     130    14.2    9.3      14.1   8.6   5.5   6.1   3.3   0.7
  Natives          202           88            78      11.9   5.7     12.4     5.1    3.1   3.8   3.6   0.8   
  Turk-menia       Non-natives   175           43      65     16.5    8.5      16.1   6.8   6.1   5.4   3.2   0.6
  Natives          153           64            94      15.4   8.5     14.8     6.5    4.7   5.2   3.4   0.7   

Notes. The vast majority of respondents (\>95%) was either employed or attended school/university. All West Siberian samples were collected in Novosibirsk, the 3rd largest Russian city. Residents of Alaska were studied in Anchorage, the largest city of the state. The respondents from Yakutia were residents of small urbanized areas, while the residents of Chukotka lived in small villages. Turkmenia is mostly represented by residents of Ashgabat, the country\'s capital, who did not have access to air conditioning in their homes and workplaces. Students\' samples were used for cross-validation of the English and Russian versions of the questionnaires5. All samples of inpatients were collected simultaneously in the West Siberian clinic. They were screened for and/or treated from cardo-, respiratory, gastric, and other internal diseases. Depressives were selected via advertisements inviting women suffering from mild or moderate winter depression to participate in open trials of natural antidepressants. Natives were either Turkmens or Chukchi and Eskimos, and Non-Natives were newcomers of Slavic ethnicity from different Russian regions. Vast majority of respondents from other samples were Caucasian (\>95%). Respondents: Number of respondents; \<35: Respondents younger than 35 years old. CES-D, SAS, and SCL S: Scores on depression, anxiety and somatization. Health: Self-scored health. SD: Standard Deviation.

The sleep seasonality data have not been reported yet, but some of questionnaire data on self-scored sleep-wake pattern and health have been published previously^[@r10]-[@r12]^. Data on sleep-wake pattern and health were additionally included in some of present analyses to examine possible impact of individual sleep-wake pattern and health ([Tables 3](#t3){ref-type="table"}, [4](#t4){ref-type="table"}, [A2](#t6){ref-type="table"}-[A4](#t8){ref-type="table"}) on retrospectively reported seasonality of sleep disturbances ([Table 2](#t2){ref-type="table"}).

###### 

Four-way rANCOVA of four 4-item scores in the whole sample.

  -----------------------------------------------------------------------------------------------------------------------
  Intercept/\         Intercept    Month   Score          Their interaction                                       
  Repeated measures                                                                                               
  ------------------- ------------ ------- -------------- ------------------- ------------ ------- -------------- -------
  1\. Sample          F~11/2365~   p       F~121/26005~   p                   F~33/7085~   p       F~363/78045~   p

  15.75               \~0          8.77    \~0            3.14                \~0          17.58   \~0            

  2\. Gender          F~1/2365~    p       F~11/26005~    p                   F~3/7085~    p       F~33/78045~    p

  5.08                0.024        2.90    0.008          1.60                0.188        3.62    \~0            

  Their interaction   F~9/2365~    p       F~99/26005~    p                   F~27/7085~   p       F~297/78045~   p

  1.10                0.361        0.86    0.762          1.26                0.171        1.44    0.005          

  Covariates          F~1/2365~    p       F~11/26005~    p                   F~3/7085~    p       F~33/78045~    p

  Age                 19.26        \~0     1.71           0.117               2.42         0.067   4.11           \~0

  CES-D               2.77         0.096   0.51           0.799               0.42         0.739   1.48           0.145

  SAS                 0.92         0.338   1.40           0.212               0.94         0.417   0.88           0.550

  SCL S               26.62        0       0.81           0.563               0.56         0.632   1.54           0.123

  Health              7.97         0.005   2.33           0.030               5.17         0.002   1.45           0.157

  S length            0.34         0.563   0.63           0.707               2.05         0.107   1.10           0.360

  S score             12.69        \~0     2.04           0.058               8.35         \~0     1.15           0.323

  f score             3.69         0.055   3.90           0.001               1.37         0.250   1.43           0.166

  w score             23.58        \~0     3.39           0.003               2.84         0.039   0.92           0.516

  M score             3.49         0.062   4.53           \~0                 7.25         \~0     1.99           0.033

  E score             0.00         0.989   0.83           0.544               0.41         0.741   3.81           0.014
  -----------------------------------------------------------------------------------------------------------------------

Notes. Repeated measures were Month (12 months) and Score summarizing responses to four items (4 scores for sleep, depression symptoms and bipolar neuro-vegetative symptoms prevailing either in spring-summer months or in fall-winter months), independent factors were Sample (12 samples) and Gender (either male or female with N=1021 or 1377, respectively). The listed 11 covariates were Age (years), self-scored depression (CES-D), anxiety (SAS), somatization (SCL S), health status (Health), self-reported sleep length (S length) that is a rough estimate of mean sleep duration, hours, and 5 SWPAQ\'s constructs S, f, w, M, and E. [Figure 3A](#f3){ref-type="fig"} illustrates the results on significant effect of factor Gender on month-to-month variation in each of four 4-item scores. p: Level of significance (p\<0.001=\~0 are printed in bold, p\<0.01 and p\<0.05 are printed in bold italic). See also [Tables A1](#t5){ref-type="table"} and [A2](#t6){ref-type="table"}.

###### 

Some results of 11 5-way rANCOVAs of four 4-item scores in the whole sample.

  --------------------------------------------------------------------------------------------------------------------------------------------------------------
  Additional 3^rd^\   Main effect of 3^rd^ Factor (3.)   Its interactions with repeated measures and 2^nd^ factor                                        
  factor                                                                                                                                                 
  ------------------- ---------------------------------- ---------------------------------------------------------- ------ ------- ------ ------- ------ -------
  3\. Age             7.73                               0.005                                                      1.74   0.108   0.81   0.487   0.57   0.841

  3\. CES-D           2.82                               0.093                                                      0.87   0.517   0.99   0.393   1.30   0.219

  3\. SAS             0.09                               0.770                                                      0.67   0.675   0.25   0.853   1.14   0.329

  3\. SCL S           5.20                               0.023                                                      0.53   0.782   0.52   0.664   1.12   0.318

  3\. Health          0.15                               0.702                                                      0.98   0.434   2.53   0.057   1.34   0.205

  3\. S length        0.12                               0.728                                                      0.72   0.634   3.28   0.021   1.10   0.355

  3\. S score         6.55                               0.011                                                      0.87   0.517   5.18   0.002   0.81   0.633

  3\. f score         2.12                               0.146                                                      1.70   0.117   0.86   0.458   0.73   0.710

  3\. w score         5.77                               0.016                                                      5.90   0       1.69   0.169   0.57   0.854

  3\. M score         0.19                               0.667                                                      5.76   0       1.42   0.237   1.97   0.028

  3\. E score         2.06                               0.151                                                      0.37   0.900   0.90   0.438   0.89   0.550
  --------------------------------------------------------------------------------------------------------------------------------------------------------------

Notes. The same analyses as 4-way rANCOVA in [Table 3](#t3){ref-type="table"} but with replacement of one of 11 covariates by 3rd independent factor after splitting the whole sample into 2 subsamples with the following values of 3rd factor: Age \<35 and =35 years (52.9%), score on CES-D or SAS \<17 and =17 (29.6% and 30.6%, respectively), score on SCL S \<7 and =7 (29.6%), Health score \<3 (14.9%) and =3, Sleep length \<8 (51.5%) and =8 hours, and any of 5 constructs of the SWPAQ (S, f, w, M, and E) \<0 (44.4%, 42.9%, 38.6%, 52.8%, and 44.0%, respectively) and =0. The results on 5 of 11 rANCOVA are illustrated in [Figure 3B](#f3){ref-type="fig"} -[3F](#f2){ref-type="fig"}. See also [Tables A1](#t5){ref-type="table"}-[A3](#t7){ref-type="table"}.

###### 

Some results of three-way rANCOVAs of 4-item sleep score in the whole sample.

                               Main effects of factors                     Main effects of covariates                                                                          
  ---------------------------- ------------------------------------------- ---------------------------- ------------ ------------- ------- ------------- ------- ------------- -------
  F~1/2365~                    p                                           F~11/2365~                   p            F~1/2365~     p       F~1/2365~     p       F~1/2365~     p
  25.33                        \~0                                         7.43                         \~0          0.83          0.361   15.21         \~0     21.72         \~0
  Main effects of covariates                                                                                                                                                   
  SWPAQ E                      SWPAQ S                                     SWPAQ w                      SWPAQ f      SWPAQ M                                                   
  F~1/2365~                    p                                           F~1/2365~                    p            F~1/2365~     p       F~1/2365~     p       F~1/2365~     p
  0.28                         0.596                                       44.89                        \~0          14.02         \~0     6.00          0.014   3.29          0.070
  Repeated measure             Interaction with repeated measure (Month)                                                                                                       
  Month                        \* 1. Sample                                \* 2. Gender                 \* SWPAQ f   \* SWPAQ M                                                
  F~11/26005~                  p                                           F~121/26005~                 p            F~11/26005~   p       F~11/26005~   p       F~11/26005~   p
  1.81                         0.117                                       9.62                         \~0          2.90          0.017   4.48          0.001   2.16          0.065

Notes. Repeated measure was Month (12 months) and two independent factors were Sample (12 samples) and Gender (N=1021 and 1377 for either male or female respondents, respectively). A set of 11 covariates included Age (years), self-scored somatization (SCL S), and scores on SWPAQ\'s S, f, w, M, and E (12-item Nighttime Sleepability scale, 4-item Anytime Sleepability and Anytime Wakeability subscales, and 12- and 8-item Morning and Evening Lateness scales of the 40-item SWPAQ). F: F-ratio, p: Level of significance (p\<0.001=\~0 are printed in bold, and p\<0.01 or P\<0.05 are printed in bold italic).

###### 

Some results of six three-way rANCOVAs of 4-item sleep score in paired samples.

  Region                                                                                             S Yakutia                  West Siberia                  Chukotka   Turkmenia                         
  -------------------------------------------------------------------------------------------------- ----------- ------- ------ -------------- ------ ------- ---------- ----------- ------ ------- ------ -------
  Intercept                                                                                          0.13        0.722   1.79   0.181          0.00   0.998   9.41       0.002       2.24   0.136   2.92   0.089
  Main effects: repeated measure (Month), one of factors (Sample), and one of covariates (SWPAQ S)                                                                                                         
  Month                                                                                              0.94        0.434   1.35   0.246          0.48   0.812   0.94       0.455       1.19   0.314   0.76   0.494
  Sample                                                                                             4.21        0.041   5.12   0.024          4.74   0.030   0.43       0.511       3.90   0.049   4.97   0.027
  SWPAQ S                                                                                            6.81        0.009   2.02   0.155          6.61   0.011   7.84       0.005       9.04   0.003   3.44   0.065
  Interaction of repeated measure with one of factors (Month \* Sample)                                                                                                                                    
  \* Sample                                                                                          1.61        0.173   0.43   0.802          2.30   0.034   4.24       0.001       3.21   0.008   0.93   0.414

Notes. The same rANOVAs as in [Table A2](#t6){ref-type="table"}, but for a pair of samples (see Sample 1 vs. Sample 2 at the top of this Table). See also the list of 10 other than SWPAQ\'s S (Nighttime Sleepability) covariates in [Table 3](#t3){ref-type="table"}. Their main effects were non-significant (p\>0.05) for either all or majority of samples\' comparisons. Main effects of factor Gender were always non-significant, and interaction with repeated measure was non-significant for the vast majority of samples\' comparisons. F: F-ratio, p: Level of significance (p\<0.001=\~0 are printed in bold, p\<0.01 and p\<0.05 are printed in bold italic). See also [Figure 2D](#f2){ref-type="fig"}-[2F](#f2){ref-type="fig"} illustrating month-to-month variation in this score.

###### 

Some results of post-hoc pairwise comparisons of two differential scores in 12 samples.

  Difference between mean scores for June and July and for September and October                                                                                                                                                                                                                                                                                                                                 
  --------------------------------------------------------------------------------------- ---------------------------------------- ---------------------------------------- ---------------------------------------- ------ --------------------------------------- ------ ------------------------------------- ------ ---------------------------------------- ------ ---------------------------------------- ----------------------------------------
  Mean score                                                                              0.5                                      0.2                                      -0.0                                     0.1    0.3                                     0.2    0.2                                   0.2    0.7                                      0.6    1.2                                      1.3
  Mean -95% CI                                                                            0.3                                      -0.1                                     -0.5                                     -0.1   0.0                                     -0.1   0.0                                   -0.0   0.4                                      0.4    0.9                                      1.0
  Mean +95% CI                                                                            0.7                                      0.5                                      0.4                                      0.3    0.5                                     0.5    0.4                                   0.4    0.9                                      0.8    1.4                                      1.5
  W Students                                                                              WSt                                      \-                                       \-                                       \-     \-                                      \-     \-                                    \-     \+                                       \+     \+[\*\*](#TFN10){ref-type="table-fn"}    \+[\*\*\*](#TFN9){ref-type="table-fn"}
  W Survey                                                                                \+                                       WSu                                      \-                                       \-     \+                                      \-     \+                                    \+     \+                                       \+     \+[\*\*\*](#TFN9){ref-type="table-fn"}   \+[\*\*\*](#TFN9){ref-type="table-fn"}
  W Depressives                                                                           \-[\*\*\*](#TFN9){ref-type="table-fn"}   \-[\*\*\*](#TFN9){ref-type="table-fn"}   WDe                                      \+     \+                                      \+     \+                                    \+     \+                                       \+     \+[\*\*\*](#TFN9){ref-type="table-fn"}   \+[\*\*\*](#TFN9){ref-type="table-fn"}
  W Inpatients                                                                            \-                                       \-                                       \+[\*\*\*](#TFN9){ref-type="table-fn"}   WIn    \+                                      \+     \+                                    \+     \+[\*](#TFN11){ref-type="table-fn"}      \+     \+[\*\*\*](#TFN9){ref-type="table-fn"}   \+[\*\*\*](#TFN9){ref-type="table-fn"}
  A Students                                                                              \+                                       \+                                       \+[\*\*\*](#TFN9){ref-type="table-fn"}   \+     ASt                                     \-     \-                                    \-     \+                                       \+     \+[\*\*\*](#TFN9){ref-type="table-fn"}   \+[\*\*\*](#TFN9){ref-type="table-fn"}
  S Survey                                                                                \+                                       \-                                       \+[\*\*\*](#TFN9){ref-type="table-fn"}   \+     \-                                      SSu    \+                                    \+     \+                                       \+     \+[\*\*\*](#TFN9){ref-type="table-fn"}   \+[\*\*\*](#TFN9){ref-type="table-fn"}
  S Inpatients                                                                            \-                                       \-                                       \+[\*\*\*](#TFN9){ref-type="table-fn"}   \+     \-                                      \-     Sin                                   \-     \+                                       \+     \+[\*\*\*](#TFN9){ref-type="table-fn"}   \+[\*\*\*](#TFN9){ref-type="table-fn"}
  N Inpatients                                                                            \-                                       \-                                       \+[\*\*\*](#TFN9){ref-type="table-fn"}   \-     \-                                      \-     \-                                    Nin    \+                                       \+     \+[\*\*\*](#TFN9){ref-type="table-fn"}   \+[\*\*\*](#TFN9){ref-type="table-fn"}
  C Non-natives                                                                           \-                                       \-                                       \+[\*\*\*](#TFN9){ref-type="table-fn"}   \-     \-[\*\*](#TFN10){ref-type="table-fn"}   \-     \-                                    \-     CNo                                      \-     \+                                       \+[\*\*](#TFN10){ref-type="table-fn"}
  C Natives                                                                               \+                                       \+                                       \+[\*\*\*](#TFN9){ref-type="table-fn"}   \+     \-                                      \+     \+                                    \+     \+[\*](#TFN11){ref-type="table-fn"}      CNa    \+[\*](#TFN11){ref-type="table-fn"}      \+[\*\*](#TFN10){ref-type="table-fn"}
  T Non-natives                                                                           \+                                       \+                                       \+[\*\*\*](#TFN9){ref-type="table-fn"}   \+     \+                                      \+     \+[\*](#TFN11){ref-type="table-fn"}   \+     \+[\*\*\*](#TFN9){ref-type="table-fn"}   \+     TNo                                      \+
  T Natives                                                                               \+                                       \-                                       \+[\*\*\*](#TFN9){ref-type="table-fn"}   \+     \-                                      \+     \+                                    \+     \+                                       \-     \-                                       TNa
  Mean score                                                                              0.3                                      0.2                                      1.5                                      0.5    0.1                                     0.3    0.5                                   0.5    0.7                                      0.2    -0.1                                     0.3
  Mean -95% CI                                                                            0.1                                      -0.1                                     1.1                                      0.3    -0.2                                    -0.1   0.3                                   0.5    0.5                                      -0.0   -0.3                                     0.2
  Mean +95% CI                                                                            0.5                                      0.5                                      1.9                                      0.6    0.3                                     0.6    0.6                                   0.7    0.9                                      0.4    0.0                                      0.5
  Difference between mean scores for January and February and for September and October                                                                                                                                                                                                                                                                                                                          

Notes. Post-hoc comparisons following two-way ANCOVAs of two differential sleep scores: mean score for January-February minus mean score for September-October and mean score for June-July minus mean score for September-October (differential winter and summer scores below and above diagonal, respectively). Independent factors were Gender and Sample. + or -: Direction of difference between mean for one sample (column) and mean for another sample (line). W: West Siberia; S: South Yakutiya; N: North Yakutiya; A: Alaska; C and T: Chukotka\'s and Turkmeniya. Main effect of only one of 11 covariates (f score) was significant and only for winter difference (F1/2365=8.13, p\<0.01). Intercepts and main effects of Gender were non-significant, whereas main effects of Sample were highly significant (F11/2365=6.11 and F11/2365=10.23 for winter and summer differences, p\<0.001 for both). Level of significance of t-value for post-hoc pairwise comparisons of scores with Bonferroni correction for the number of comparisons:

(p\<0.001),

(p\<0.01),

(p\<0.05).

SWPAQ
-----

A short (40-item) version of the Sleep Wake Pattern Assessment Questionnaire or SWPAQ^[@r13],[@r14]^ was designed to self-assess individual traits of sleep-wake behavior named Nighttime Sleepability (12-item S scale), Anytime Sleepability (4-item f sub-scale), Anytime Wakeability (4-item w sub-scale), Morning Lateness (12-item M-scale), and Evening Lateness (8-item E-scale). Negative score signifies either inability (S, f, and w \<0) or earliness (M and E \<0). Details on evaluation of psychometric features and cross-validation of the Russian and English versions of this questionnaire using the students\' samples were reported previously^[@r11]^.

Evidence for external validity of these constructs were provided in several previously published reports^[@r11],[@r15]-[@r19]^. To determine test-retest reliability of this questionnaire, it was administered in winter and summer to a subsample of the West Siberian depressives (n=23 of 59). [Table A5](#t9){ref-type="table"} illustrates differences between winter and summer scores on SWPAQ scales and sub-scales as well as correlations between them. All 5 SWPAQ scores (S, f, w, M, and E) were included in the present analysis as covariates or factors ([Tables 3](#t3){ref-type="table"}, [4](#t4){ref-type="table"}, and [A2](#t6){ref-type="table"}-[A4](#t8){ref-type="table"}).

###### 

Testing and retesting of 23 West Siberian Depressives with SWPAQ in two seasons.

  Trait     Winter   Summer   t-test   ρ                                                   
  --------- -------- -------- -------- ------- ------------------------------------------- --------------------------------------------
  SWPAQ w   -2.522   1.806    -2.522   1.504   0.000                                       0.446[\*](#TFN15){ref-type="table-fn"}
  SWPAQ f   0.217    2.795    0.087    3.044   0.130                                       0.718[\*\*\*](#TFN13){ref-type="table-fn"}
  SWPAQ S   0.870    6.254    4.435    6.687   -3.565[\*\*](#TFN14){ref-type="table-fn"}   0.704[\*\*\*](#TFN13){ref-type="table-fn"}
  SWPAQ M   7.087    2.983    6.261    4.525   0.826                                       0.636[\*\*](#TFN14){ref-type="table-fn"}
  SWPAQ E   0.652    5.122    0.609    6.162   0.043                                       0.789[\*\*\*](#TFN13){ref-type="table-fn"}

Notes. t-test: Paired t-test; ρ: Spearman coefficient of correlation. Level of significance for t test and p-value:

(p\<0.001),

(p\<0.01),

(p\<0.05).

Health Scorings
---------------

In order to self-assess the presence and severity of symptoms of depression, anxiety, and somatic dysfunction, respondents were asked to complete three questionnaire scales combined in one scale. Each question asked a respondent to indicate how often during the past week he/she had experienced a particular symptom. Responses about frequency of symptoms ranged from 0 (never or rarely) to 3 (most or all of the time) on a four-point scale. The 20-item Center for Epidemiological Studies -Depression scale or CES-D^[@r20]^ and the 20-item Zung Self-Rating Anxiety Scale or SAS^[@r21]^ were used for self-assessment of symptoms of depression and anxiety, respectively.

Scores \> 16 indicated moderate or severe depressive and anxiety symptoms ([Tables 4](#t4){ref-type="table"}). Somatic symptoms suggesting alternations of body functioning due to depression, anxiety and physical conditions were self-assessed with 12-item somatization subscale of Symptom Checklist Inventory or SCL S^[@r22],[@r23]^. A score \>6 was identified as indicating a perceived moderate or severe alternation of the body functions ([Table 4](#t4){ref-type="table"}).

Additionally, respondents answered to a simple question asking whether their current general health is very poor, poor, fair, good or excellent. Such Health score ranged from 1 to 5, respectively, with scores 1 or 2 interpreted as indicating perceived problems with health and well-being ([Table 4](#t4){ref-type="table"}). In total, 4 different health scores (CES-D, SAS, SCL S, and Health) were included in the present analysis ([Tables 3](#t3){ref-type="table"}, [4](#t4){ref-type="table"}, [A2](#t6){ref-type="table"}, and [A3](#t7){ref-type="table"}). Sample-averaged scores are given in [Table A1](#t5){ref-type="table"}.

SPAQ
----

All respondents completed the Seasonal Pattern Assessment Questionnaire or SPAQ^[@r24]^ in its modified version. The SPAQ is a retrospective questionnaire for self-assessment of seasonality of well-being, mood and behaviors. The first part of the SPAQ inquires \"To what degree do the following change with the seasons?\" for six items, sleep length, social activity, mood, weight, appetite, and energy level. Responses to each item were 0 (none), 1 (mild), 2 (moderate), 3 (marked), or 4 (extreme). The sum of these six items is the Global Seasonality Score (GSS) that, therefore, ranges from 0 to 24. The severity of problems with seasonality is also queried by a single \"Problem\" question: \"How much of a problem are these seasonal changes?\" with choices being 0 (none), 1 (mild), 2 (moderate), 3 (marked), 4 (severe), or 5 (disabling).

To determine test-retest reliability of these questionnaire scorings, it was administered twice to a subsample of the West Siberian sample of depressives (n=20 of 59), first in winter when they were suffering from mild or moderate winter depression and then in summer when they remitted. It seemed that retrospective self-assessments did not change much because the differences between winter and summer GSS and Problem scorings were found to be non-significant (Paired t-test: t=1.4 and 0.8, respectively, *p*\>0.05 for both). The Spearman coefficient of correlation was very high for GSS (0.845, *p*\<0.001) thus suggesting its excellent test-retest reliability. However, the coefficient was lower albeit still significant for Problem scoring (0.458, *p*\<0.05).

The present analysis focused on the second part of the SPAQ requesting respondents to fill in the month or months of the year (if any) when they feel best, feel worst, eat least, eat most, socialize least, socialize most, lose most weight, gain most weight, etc. (i.e., \"Are any month(s) during the year when you .?\"). This original list included only two sleep characteristics, sleep most and sleep least, that are not always pointing at any problems with sleep. Therefore, several additional questions were added to these 10 questions.

Four of these additional questions asked about common symptoms of disturbed sleep, such as daytime sleepiness, difficulties falling asleep, difficulties staying asleep, and premature awakening. [Figures 1A](#f1){ref-type="fig"}-[F](#f1){ref-type="fig"} and [2A](#f2){ref-type="fig"}-[C](#f2){ref-type="fig"} illustrate month-to-month variation in rate of each of these four sleeping problems and, additionally, in two sleep length characteristics from the original list of 10 questions in each of 12 collected samples.

Figure 1Seasonal variation in rates of sleep shortening and three sleeping problems. Estimated marginal means ± Confidence Interval (CI, vertical lines) for sleep characteristics (circles). Closed and open circles: Retrospectively reported months with either difficulties falling and staying asleep, respectively (A-C), or with premature awakening and sleep shortening, respectively (D-F). See also notes to [Tables 1](#t1){ref-type="table"}, [2](#t2){ref-type="table"}, and [A1](#t5){ref-type="table"}.

Figure 2Seasonal variation in rates of sleep lengthening, daytime sleepiness, and sleep score. A-C. Closed and open circles: Retrospectively reported months with sleep lengthening and daytime sleepiness, respectively. D-F. Closed and open circles: 4-item sleep score in two sub-samples of respondents with SWPAQ S score \<0 or =0, respectively. See also the legend to [Figure 1](#f1){ref-type="fig"} and notes to [Tables 1](#t1){ref-type="table"}, [2](#t2){ref-type="table"}, and [A1](#t5){ref-type="table"}.

After answering the questions about seasonality of their sleep lengths respondents were also asked to roughly estimate what is the maximal, minimal, and mean length. Mean sleep length (S length) was included in the present analysis as one of modulators of retrospectively reported seasonality ([Tables 3](#t3){ref-type="table"}, [4](#t4){ref-type="table"}, [A2](#t6){ref-type="table"}, and [A3](#t7){ref-type="table"}).

The responses to the set of four questions about sleeping problems were summed for calculation of 4-item sleep score. Similarly, three other sums of four responses were obtained to score seasonality of several depression symptoms (feel worst, least energetic, socialize least, and most irritable) and bipolar neuro-vegetative symptoms prevailing either in spring-summer months or in fall-winter months (either sleep least, feel best, most energetic and socialize most or sleep most, eat most, gain most weight and crave most for carbohydrate-enriched food, respectively).

Summation of answers Yes=1 to each set of four questions provided a score ranging from 0 to 4. Month-to-month variation in 4-item sleep score is illustrated in [Figure 2D](#f2){ref-type="fig"}-[F](#f2){ref-type="fig"} for each of 12 samples, and variation in four 4-item scores observed in the whole sample is illustrated in [Figure 3](#f3){ref-type="fig"}. Percentage of respondents from each sample who reported seasonality of, at least, one of four sleeping problems is given in the 3^rd^ column of [Table 2](#t2){ref-type="table"}.

Figure 3Seasonal variation in four 4-item scores in two sub-sets of the whole dataset. Estimated marginal means ± Confidence Interval (CI, vertical lines) calculated for four 4-item scores. The whole dataset was divided into two sub-sets (closed and open circles, respectively). See also Material and Methods and criteria of division into two subsamples in notes to [Tables 3](#t3){ref-type="table"}.

The questionnaires\' content and the procedure of questionnaire administration complied with the ethical standards on human studies of the Ethics Committee of the Siberian Branch of the Russian Academy of Medical Sciences and with the Helsinki Declaration of 1975, as revised in 2008. Each respondent studied in clinical settings gave written informed consent.

Statistical Analysis
--------------------

The SPSS statistical software package (IBM, Armonk, NY, USA, version 22.0) was used to run ANCOVAs and repeated measure ANOVAs (rANOVAs) and ANCOVAs (rANCOVAs) to detect significant month-to-month variation in 4-item scores. Degrees of freedom were corrected using Greenhouse-Geisser correction controlling for type 1 error associated with violation of the sphericity assumption, but the original degrees of freedom are reported in the tables.

Additionally, difference between sleep scores averaged over two winter (January and February) and two fall months (September and October) was calculation as well as difference between mean summer score (June and July) and the same mean fall score. Two ANCOVAs were applied to test whether these differential (winter and summer vs. fall) scores can be significantly different in 12 samples ([Table A4](#t8){ref-type="table"}).

RESULTS
=======

Seasonal variation in for separate sleeping problems
----------------------------------------------------

Patterns of month-to-month variation in only two of four sleeping problems, difficulties falling and staying asleep, showed close similarity ([Figure 1A](#f1){ref-type="fig"}-[C](#f1){ref-type="fig"}). Most often, they had a two-peak wave-form, whereas the pattern of premature awakening suggested annual rather than semi-annual (one-peak rather than two-peak) rhythmicity. It resembled that of sleep shortening, but was characterized by lower amplitude ([Figure 1D](#f1){ref-type="fig"}-[F](#f1){ref-type="fig"}). The pattern of variation in daytime sleepiness demonstrated some similarity to the pattern of sleep lengthening but only in five northern regions, West Siberia, South and North Yakutia, Chukotka, and Alaska ([Figure 1A](#f1){ref-type="fig"}-[C](#f1){ref-type="fig"}). It closely resembled the pattern of such depressive symptom as least energetic (not shown) in any of six regions (i.e., these five northern regions and the southernmost region of Turkmenia).

Variation in sum of sleeping problems
-------------------------------------

As it is shown in [Table 2](#t2){ref-type="table"}, percentage of respondents answered \"Yes\" to, at least, one of 4 questions about seasonality of sleep problems was very high, from 24% to 61% in 11 samples, and 93% in the 12^th^ sample of seasonally depressed women. Highly significant intercept was yielded by one-way rANOVAs of 4-item sleep score ([Table 2](#t2){ref-type="table"}) indicating that seasonality of problematic sleep was perceived by respondents from any of 12 samples. In overall, such seasonality was noted by every other respondent in the merged sample of almost 24 hundred respondents living under natural exposure to high-amplitude annual variation in temperature and/or day length.

Seasonal variation in sum of sleeping problems
----------------------------------------------

Difference between winter and fall sleep scores reported by Chukotka non-natives was significantly higher than that of Chukotka natives, Alaskan students, and Turkmenia non-natives and natives ([Table A4](#t8){ref-type="table"}). Comparison of respondents in the region with summer hot temperature and the regions with winter short day indicated that annual rhythmicity of sleeping problems was higher in the former region. For instance, there was a strong summer peak of these problems in the southern region. Difference between summer and fall sleep scores reported by respondents from the samples of Turkmenia non-natives and natives was significantly higher than in samples from northern regions ([Table A4](#t8){ref-type="table"} and [Figure 2D](#f2){ref-type="fig"}-[F](#f2){ref-type="fig"}). The only exception were non-native residents of Chukotka villages who were exposed consequently to such natural sleep disturbing factors as long nights in November and December, then cold temperatures till April, and, finally, short days from May to August ([Table A4](#t8){ref-type="table"} and [Figure 2D](#f2){ref-type="fig"}-[F](#f2){ref-type="fig"}).

Since the cumulative impact of all natural environmental factors usually reached its peak twice during each year, in winter and summer seasons, but not in intermediate months, a bimodal (semi-annual) rhythm was revealed in the vast majority of samples after summing responses to four questions about sleeping problems ([Figure 2D](#f2){ref-type="fig"}-[F](#f2){ref-type="fig"}).

After averaging over 12 samples, winter and summer peaks of similar height emerged ([Figure 3](#f3){ref-type="fig"}, left curves). Amplitude of such two-peak variation was lower compared to amplitude of variation in other three 4-item scores calculated for assessing seasonality of depressive and bipolar neuro-vegetative symptoms ([Figure 3](#f3){ref-type="fig"}, other curves). Nevertheless, one-way rANOVA of for 4-item sleep score ([Table 2](#t2){ref-type="table"}) yielded highly significant main effect of repeated measure Month. For all but one sample, highly significance effect was documented (*p*\<0.001).

Values of partial eta-squared varied within a range from 0.02 to 0.25 indicating that the effect sizes were either small or moderate or large. Small sizes (partial eta-squared between 0.02 and 0.05) were most usually found, whereas sizes were large only in samples of West Siberian winter depressives and residents of Turkmenia. Much higher values (from 0.18 to 0.72) were obtained for Intercept, because more than a half of respondents (52.63% in total) reported seasonality of, at least, one of four sleeping problems ([Table 2](#t2){ref-type="table"}). Therefore, the result of comparison of partial eta-squared values for Month and Intercept suggested a considerable individual difference between respondents in retrospectively reported month(s) with problematic sleep ([Table 2](#t2){ref-type="table"}).

Influence of individual differences on seasonal variation in sleeping problems
------------------------------------------------------------------------------

Results of rANCOVAs of sleep score ([Tables A2](#t6){ref-type="table"} and [A3](#t7){ref-type="table"}) suggested that main effects of repeated measure Month turned to become non-significant after accounting for 11 covariates including age, four health self-scorings, 5 self-scorings of sleep-wake traits, and sleep length. Similarly, ANCOVAs of two differential scores did not yield significant main effect after accounting for covariates (see notes to [Table A4](#t8){ref-type="table"}). In contrast, these effects remained significant when rANCOVAs was run for all four 4-item seasonality scores ([Tables 3](#t3){ref-type="table"} and [4](#t4){ref-type="table"}). Again, such findings on sleep score suggested contribution of individual differences to variation in retrospectively reported month(s) with problematic sleep.

Results given in [Table A3](#t7){ref-type="table"} provide some details on the revealed difference in patterns of month-to-month variation in sleeping problems. For instance, differences detected in pairs of samples from the same region emerged as significant interaction between independent factor Sample and repeated measure Month. Such interaction reflects, for example, the fact that some samples from northern Russian regions were and some other were not characterized by high rate of sleeping problems in months belonging to calendar spring season. Significant dissimilarity between several studied samples on amplitude of annual variation was also documented. Particularly, difference between winter and fall sleep scores was dissimilar in several samples from the same region ([Table A4](#t8){ref-type="table"}).

Additionally, rANCOVAs revealed relationships between particular domains of individual variation and difference between respondents in sleep seasonality. [Tables 3](#t3){ref-type="table"}, [4](#t4){ref-type="table"}, [A2](#t6){ref-type="table"}-[A4](#t8){ref-type="table"} and [Figure 3](#f3){ref-type="fig"} illustrate that seasonality of sleeping problems was more likely reported by female respondents of younger age with symptoms of somatic disfunctioning, low nighttime sleepability, low anytime wakeability, and morning lateness. As expected, significant main effect was yielded irrespective of sample for only one of 11 covariates.

This was Nighttime Sleepability (scale S of the SWPAQ) designed to self-assess sleep quality ([Figure 2D](#f2){ref-type="fig"}-[F](#f2){ref-type="fig"} and [Tables 2](#t2){ref-type="table"}, [A2](#t6){ref-type="table"}-[A4](#t8){ref-type="table"}). Individual differences in pattern of seasonality of sleeping problems, such as difference in height of winter peak relative to summer peaks, were related to differences between respondents in gender, severity of physical health problems, and various sleep-wake traits. Female gender and anytime sleepability/wakeinability were associated with higher scores in winter months. Poor physical health and morning/evening lateness were associated with higher summer scores ([Figure 3](#f3){ref-type="fig"}). Surprisingly, any of rANCOVAs with depression and anxiety self-scorings as covariates ([Tables 3](#t3){ref-type="table"}, [A2](#t6){ref-type="table"}-[A4](#t8){ref-type="table"}) or factors ([Table 4](#t4){ref-type="table"}) did not reveal significance of their effects on level and pattern of seasonal changes in trouble sleeping. Similarly, these rANCOVAs indicated that a significant linear relationship of mean sleep duration to self-reported seasonality of sleeping problems was not revealed ([Tables 2](#t2){ref-type="table"} and [3](#t3){ref-type="table"}).

DISCUSSION
==========

Although symptoms of sleep disturbances usually coexist with symptoms of depression, findings on month-to-month variation in trouble sleeping are mixed and rare as compared to more often reported results on seasonal variation in mood and well-being. Conflicting conclusions about seasonality of sleeping problems were made in several studies of Scandinavian populations. Such seasonality was found to be significant in the majority of them^[@r2]-[@r6],[@r9]^, but not in one of the largest Norwegian study^[@r7]^.

Moreover, one more study revealed significant seasonality of sleeping problems only in those of respondents who also experienced seasonality of their well-being, mood and behaviors^[@r8]^. The present paper extended geography of reports on month-to-month variation in sleeping problems. The results of analysis of retrospective self-ratings made by almost 24 hundred people living under natural exposure to high-amplitude annual variation in temperature and/or day length indicate that more than a half of them retrospectively reported seasonality of, at least, one of four studied sleeping problems.

Each of the three patterns of month-to-month variation in four sleeping problems can be linked to certain seasonal extremes of photic and temperature environment. Hot nights and long days were found to be associated with increase of premature awakening and difficulties falling and staying asleep. Hot days were additionally associated with increase of daytime sleepiness. Long nights, either without or combined with cold temperatures, were related to increase of daytime sleepiness and difficulties falling and staying asleep.

Thus, natural seasonal factors seemed to modulate frequencies of the four sleeping problems in certain months of the year. For example, in the absence of access to air conditioning, hot temperatures in summer were related to the largest from the observed seasonal rises of sleeping problems. Moreover, three of four sleeping problems tended to increase in response to either long days without hot temperatures or short days with cold temperatures. Moreover, comparison of seasonality of sleep score in samples collected in different regions suggested that cold temperature can be an additional to a day length contributor to winter sleeping problems. In general, the results of the present analysis supported the hypothesis that sleeping problems demonstrate significant month-to-month variation with peaks in months with extremely cold or hot air temperatures that might be or might not be combined with extremely short or long days, respectively.

It appears that the rates of all four sleeping problems cannot simultaneously increase under such natural environmental conditions as long days or short days accompanied by cold temperatures. If difficulties with initiating and maintaining sleep increased in months with extremal photic and temperature environmental conditions of both winter and summer seasons, the extremes of winter season were not associated with premature awakenings.

Moreover, daytime sleepiness seems to represent another group of symptoms of sleep-wake disturbance that was separated by factor analysis from the main group including disturbances before, during and after night sleep^[@r25]^. Therefore, it came as no surprise that month-to-month variation in daytime sleepiness more resembled the variation in some of neuro-vegetative symptoms of depression, such as lack of energy and other daytime impairments than any of sleep characteristics including sleep lengthening.

Notably, we earlier showed that the phase of annual variation in these symptoms as well the phase of annual variation in mood and well-being seemed to remarkably delay relative to the phase of annual rhythm of day length, Instead, these phases were in synch with the annual rhythm of air temperature that was approximately a month behind the annual rhythm of day length^[@r19]^.

In contrast, the annual variation in phase characteristics of the sleep-wake cycle (e.g., the phases of seasonal problems associated with going to bed and awakening) only slightly delayed relative to the phase of annual rhythm of photoperiod, and a phase of seasonal variation in sleep length showed an intermediate position (approximately two-week delay).

These differences between phases of annual variation in the studied sleep and depressive symptoms suggested a possibility of their differential relationship with environmental annual rhythms^[@r19]^. However, a cross-sectional questionnaire study does not allow examination of causal relationship between such annual rhythmicities in physical environment and annual or semi-annual rhythmities of sleep and mood problems.

It is likely that individual differences in presence or absence of each of several sleeping problems led to manifestation of individual differences in pattern of month-to-month variation in score summing these problems. For instance, two respondents can differ in the particular list of their sleep complaints (e.g., difficulty falling asleep might be typical for one whereas premature awakening might be typical for another), and this can be a reason for a difference between them in the pattern of seasonal changes in such summing score.

At least, differences between respondents in the level and pattern of annual or semi-annual (one- or two-peak) variation in sum of four sleeping problems were found to be significantly associated with other differences between them, including differences in gender, age, ethnicity, physical health, morning-evening preference, sleep quality, and such adaptabilities of the sleep-wake cycle as anytime wakeability and anytime sleepability. For instance, significant interactions with morning lateness ([Tables 3](#t3){ref-type="table"} and [4](#t4){ref-type="table"}) indicated that, depending upon individual chronotype, sleep problems might be more or less prevalent in summer season ([Figure 3F](#f3){ref-type="fig"}). In general, the result of the present analysis supported the hypothesis of import contribution of individual differences to both level and pattern of seasonal oscillations of sleep problems.

This result can explain the failure of some of large questionnaire studies to uncover such oscillations on a population level when Sivertsen et al.^[@r7]^ asked Norwegians living at latitude 63º-65º about their sleep quality in each of 11 different months rather than about experience associated with changes in sleep quality throughout the year). Moreover, this result provides support and further extends the finding of Øyane et al.^[@r8]^ on seasonality of sleeping problems self-reported by people experiencing seasonal changes in well-being, mood and behaviors. It was found in the present study that sleeping problems peaked at winter more frequently in self-reports of people representing winter type of seasonal depression as compared to people from three other West Siberian samples.

As can be seen in [Table A5](#t9){ref-type="table"}, Nighttime Sleepability (S) was the only SWPAQ\' s scale which score significantly changed with change from winter to summer season thus indicating significant improvement of subjective sleep quality and the lack of shift of other (trait-like) characteristics of their sleep-wake pattern. However, our experimental experience showed that it is hard to confirm such high amplitude seasonality of trouble sleeping in analysis of the corresponding objective polysomnographic measurements in laboratory conditions where winter depressives are not exposed to additional sleep disturbing influences of their home environment^[@r26]^.

Notably, seasonality of sleeping problems simply became non-significant after accounting for several various sources of individual differences between the respondents. In contrast, seasonality still remained significant in the analysis of the whole set of 16 (4x4) responses to questions about month(s) of feeling best or worst, eating least or most, etc.

This result can provide a partial explanation of why the literature on seasonality in human populations contains disproportionally smaller amount of definitely positive findings on month-to-month changes in trouble sleeping compared to findings on significant seasonality of mood and well-being (e.g., such literature include the cited above study of Øyane et al.^[@r8]^ who applied the SPAQ in its original version). Unlike relationship between individual patterns of the daily sleep-wake cycle and mental health^[@r10]^, seasonality of sleeping problems was not significantly modulated by self-scored levels of depression and anxiety after accounting for other covariates including physical health problems manifested in somatic complaints and low general health self-scoring.

This result can be an additional partial explanation of the contrast between numerous findings on well-being and mood seasonality and inconclusive results on seasonality of sleep disturbances in general population exposed to high-amplitude annual variation in day length. There was no indication of a link between mean sleep duration and seasonality of sleeping problems. However, only a linear relationship was tested in the present analysis. Therefore, a non-linear (U-shaped) relationship that was earlier shown for association between sleep duration and self-scored health^[@r12]^ cannot be excluded.

The present results have practical relevance to understanding of contribution of seasonal environmental factors to frequency of sleep disorders. This contribution is necessary to take into account in studies of prevalence of these disorders and in clinical trials aimed on their preventing and treating in regions with large seasonal differences in day length and/or temperature. Moreover, it is needed to take into account in such studies and trials that there are several domains of individual differences contributing to variation in pattern and/or level of seasonality of sleeping problems, such as the differences in gender, age, ethnicity, physical health, morning-evening preference, sleep quality, and adaptability of the sleep-wake cycle.

However, several limitations of this study require acknowledgement. The collected samples do not represent the general populations of six regions. Therefore, it is hard to generalize the present results to other groups of people living on huge territory from Turkmenia to Alaska. The application of cross-sectional and non-repeated measures design was a serious methodological limitation of the present study. Moreover, respondents were not blind to the seasonality hypothesis when they were directly asked about perceived seasonal changes.

Definitely, rates of month-to-month variation obtained from retrospective reports were considerably overestimated. Agreement to participate in the questionnaire survey can also have impact on these rates because it is likely that those people who experienced serious health and sleep problems in certain seasons expressed their interest in filling the questionnaires more often than those who did not.

Unfortunately, a possibility of evaluation of confounding influence of other than temperature and day length environmental factors causing seasonal sleep disturbance was not considered in the present study. In particular, impact of outdoor light exposure and any of factors from workplace or residential home environment on sleep was not assessed.

A list of individual differences between respondents that were analyzed in the present report is far from being comprehensive. In particular, possible influence of none of cultural and psychological differences was assessed in the present questionnaire study. However, remarkable contribution of such differences to retrospective self-ratings cannot be excluded.

Finally, none of the analyzed variables was obtained by means of objective measurements in home settings. This can be one of the directions of future research. Another direction can be to study seasonal variation in sleeping problems longitudinally.

CONCLUSIONS
===========

In the present study, seasonality of sleeping problems was reported by more than a half of respondents. Four sleeping problems demonstrated three different patterns of month-to-month variation. Natural periodic environment seemed to contribute to the pattern and amplitude of annual rhythmicity of each sleeping problem. Increase of all four sleeping problems was associated with only one seasonal factor, hot summer temperatures. Individual differences in sleep seasonality were significantly linked to several other domains of individual variation. Present results have practical relevance to understanding of importance of seasonal environmental factors and individual differences for manifestation of various symptoms of disturbed sleep-wake cycle.
